The stability constants of the ternary Cu 2+ complexes containing adenosine 5'-monophosphate (AMP) and as a second ligand, 2,2'-bipyridyl, 4-(2'-pyridyl) imidazole, 2-picolylamine, 4-aminomethylimidazole, and ethylenediamine were determined by Potentiometrie titration in water containing 10% dioxane (7 = 0.1; 25 °C). For the equilibrium, Cu (amine) 2+ + Cu (AMP) ^ Cu (amine) (AMP) +Cu 2+ , the corresponding constants are (in the order of the above amine ligands), A log K = log ^cu(amine)(AMP) -^Cu(AMP) =0.53, 0.20, 0.04, -0.35, and -0.45; hence, in the first cases the equilibrium is considerably on the side of the mixed-ligand complex. The importance of the 7r-system of the amine for the stability of the mixed-ligand Cu 2+ complexes is obvious from the given series. The imidazole group, an important binding site for metal ions in biological systems, has clearly qualities similar to the pyridyl group (Inorg. Chem. 9, 1238 ), i.e. the stability of ternary Cu 2+ complexes containing these groups is increased.
Ternary complexes can be considered as models for enzyme-metal ion-substrate complexes as well as for mixed-ligand complexes occurring in biological fluids. Therefore, investigations of the stability of ternary complexes may help toward understanding the driving forces which lead to the formation of such complexes in biological systems.
From earlier studies 3 
Experimental Section

Materials and Apparatus
Adenosine 5 -monophosphoric acid and the disodium salt (puriss.) were obtained from BDH Chemicals Ltd., Poole, England, and from Fluka AG, Buchs, Switzerland, respectively. All the other materials and the apparatus were the same as used earlier 3 ' 7 .
Measurements
Depending on the substances available, the solubility of the reactants, and the concentrations needed, 10, 15, 25, or 50 ml of water containing 10% dioxane and the reactants (7 = 0.1, r = 25°C) were titrated potentiometrically with 1ml of 2xlO~2M, 5xlO~2M, 0.1 M or 0.5 M NaOH. The pH used for the calculations was the one read from the potentiograph.
Determination of the Acidity Constants
The acidity constants, anc^ ^HL » were determined by titrating solutions containing HC104 and NaC104 to 0.1 M in the presence and absence of the ligands. The difference in ml NaOH used for a pair of titrations was evaluated. The constants were calculated from the degree of neutralization for at least 10 points of the titration curves. The concentrations were as follows: 
Determination of the Stability Constants of the BinaryComplexes
The conditions of measurements for the determination of the stability constants, &cuL > were the same as for the acidity constants, but part of NaC104 was replaced by Cu(C104)2. With AMP the ratio was Cu : L = 15 : 1 and 20 : 1; with ethylenediamine, 4-aminomethylimidazole, and 2-picolylamine Cu : L = 1 : 1 titrations were carried out. As usual, titrations of solutions without ligand were used as a basis for the evaluation. Additionally, these titrations showed in which pH regions hydrolysis could be neglected.
The calculation of was done by taking into acount KCUL2 which was obtained from titrations where L was in excess with regard to Cu 2+ (ref. 3 ). The only exception was with AMP, despite several attempts we were not able to determine a definite value for K CuL2 • However, the concentration of the species, Cu (AMP) 2 , is certainly insignificant under the conditions employed for the determination of > as we B as in the mixed-ligand system.
Determination of the Stability Constants of the Ternary Complexes
The conditions of measurements for the titrations of the ternary complexes were similar as for the binary ones, but the solutions contained adenosine 5 -monophosphate, Cu 2+ , and ethylenediamine, 4-aminomethylimidazole, or 2-picolylamine in a ratio The stability constants of the ternary complexes in the systems, AMP, Cu 2+ , and 2,2'-bipyridyl or 4-^'-pyridyl) imidazole could be calculated in a much simpler way 1 ' 3 ' 8 : The Potentiometrie titrations showed that the release of protons due to the complexing between Cu 2+ and 2,2-bipyridyl or 4-(2'-pyridyl) imidazole is completely finished before the reaction between Cu(N -L) and AMP occurs. This means the curves that resulted from the titration of a solution containing only HC104 and those containing additionally Cu 2+ and N -L are superimposable. Of course, this is only true in the lower pH region which was actually used for the calculation of the stability constants. At higher pH (Table II in ref. 7 ; cf. also Table II of the present work). The results obtained for the 2,2'-bipyridyl-Cu 2+ -adenosine 5'-monophosphate system are in good agreement with earlier results 6 . Table I for those systems for which these data had to be determined, as they were necessary to calculate the stability of the ternary complexes. The constants of Table I are nearly identical with those determined in aqueous solution 7 .
Results
All constants were determined by
(2)
The stability constant, determined for the mixed- Table II . Table II . Log stability constants of some ternary N-ligand-Cu 2+ -adenosine 5'-monophosphate complexes determined in water containing 10% dioxane (7=0.1; T=25 °C). [AMP] in the ratio 25:25:1, also assuming complete formation of the 2-picolylamine-Cu 2+ 1:1 complex, gives 3.43 + 0.03. These results prove that the assumptions made in the calculation of the stability constants for the ternary complexes containing 2,2'-bipyridyl or 4-(2'-pyridyl) imidazole are cor rect (cf. experimental section); especially, as the binary 1:1 complexes with the latter ligands are more stable than the Cu 2+ -2-picolylamine 1:1 complex 7 .
The stability of ternary complexes can be characterized according to Eqn. 8, i. e. by comparing the difference in stability between the complexes defined in Eqn. 3 (with L = AMP) and 6. The values expected for A\ogK (Eqn. 8) 6 are negative (general rule: K CuL > K SSL), because more coordination positions are available for bonding of the first ligand to a given metal ion than for the second ligand. Additionally, A log K is identical with the equilibrium constant due to Eqn. 9. These values are also listed in Table II .
Discussion
In all cases reported here A\ogK (Table II) The stability of the ternary N-ligand-Cu 2+ -adenosine 5'-monophosphate complexes increases by changing the N-ligand in the series, ethylenediamine < 4-aminomethylimidazole < 2-picolylamine < 4-(2'-pyridyl) imidazole < 2,2'-bipyri{lyl. Therefore, the "aromaticity" of the N-ligand is decisive for the stability of the mixed-ligand complexes: An aliphatic amino group forms only o-bonds with Cu 2+ , whereas a pyridyl or an imidazole group is additionally able to form .T-bonds, i. e. the given series is in an order of increasing jr-acceptor qualities 9 . In this connection it is interesting to see that a plot of A log£ versus pKn.L +PKHL results in a straight line with a negative slope, i. e. with decreasing basicity of the N-ligand the stability of the ternary complexes invreases (Fig. 1) 10 .
Furthermore, the different stability of the ternary complexes leads to quite different concentrations of the several complex species present in a solution. This fact can well be seen from the results of Fig. 2 where the concentrations of the several species present in the ternary systems, 2-picolylamine-Cu 2+ -AMP and ethylenediamine-Cu 2+ -AMP, are given in their dependence on pH. Toward higher pH values the concentrations tend to approach limiting values. Due to the stability increasing effect of the pyridyl group the ternary complex in the 2-picolylamineCu 2+ -AMP 1:1:1 system readies a concentration of about 48%, while in the ethylenediamine-Cu 2+ -AMP 1:1:1 system the corresponding complex rises only to about 26%. The present results obtained for the N-ligandCu 2+ -AMP systems confirm those of the N-ligandCu 2+ -pyrocatecholate systems 7 . This means, adenosine 5'-monophosphate behaves like a simple 0-ligand. This result is in agreement with the known fact that the stability of metal ion-nucleotide complexes is determined by the coordination tendency of the phosphate groups 6 ' 14 ' 15 .
In conclusion, with regard to biological systems it is important to note that the participation of an imidazole group favors the formation of mixedligand complexes more strongly than an amino group, provided an O-ligand is also involved. Additionally, the imidazole (like the pyridyl) group has discriminating qualities: for example, Cu (histamine) 2+ prefers to coordinate 0-rather than Nligands 16, 17 . How far the described results also apply for complexes with metal ions other than Cu 2+ cannot be decided presently. However, there is evidence that at least some metal ions of the first transition series show qualities similar to those of Cu 2+ (ref. 4 ).
This work was supported by a research grant from the Schweizerischen Nationalfonds zur Förderung der wissenschaftlichen Forschung. 10 As mentioned, the acidity constants of the ligands in Table  i are practically identical with those determined in water. Therefore, in Fig. 1 of such a dependence as given in Fig. 1 ; the problems connected herewith shall be discussed in more detail elsewhere.
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